Objectives and methods-Health gain, prevention of health loss, and avoidance of financial risk all seem to be driving forces for the use of pre-employment medical assessment. An attempt is made to measure the effect of implementing the pre-employment medical assessment on these end points. The anticipated maximum preventive effect (preventive effectiveness) of selection by means of pre-employment medical assessments for work related risks and the potential for disablement in individual workers can be calculated or estimated. Necessary parameters include test validity characteristics and epidemiological data for both the adverse outcome to be prevented, and risk factors of concern.
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To produce substantive policy in occupational medicine, it is necessary to gain insight into the quality aspects of the methods to be used. ' An important one of these is the pre-employment medical assessment. This assessment will, among other functions, be a means of personnel selection and as such it is essential that assessment is both sufficiently accurate and reliable. The contents of the pre-employment medical assessment differ widely and may include a history (often taken by questionnaire), a medical examination, and additional (laboratory) tests. A pre-employment medical assessment may include all of these items extensively, or may merely consist of a simple self administered questionnaire. This article focuses on methodological aspects of such a screening process. More specifically, attention will be given to the anticipated maximum preventive effect (preventive effectiveness) of selection by such medical assessments on work related health risks, risks to others, the potential for absenteeism, and disablement in individual workers.
Pre-employment medical assessment The content and the relevance of pre-employment medical assessment of fitness for work have held centre stage since the emphasis was placed on the possible contribution that such an assessment could make to the prevention of occupational disease, absence through sickness, and work disablement. The pre-employment medical assessment is used to assess whether a candidate is sufficiently skilled to perform the job adequately from a medical point of view. Moreover, the pre-employment medical assessment presents an opportunity to ease the entrance to the work force for people with certain health risks, medical impairments, or handicaps. When and work disablement has led to the notion that pre-employment medical assessment can present a method of (financial) risk avoidance.
A relevant factor in this setting is the existence in various countries of legislation-such as, the Dutch "Arbeidsomstandighedenwet" (Working Environment Act)-which has allowed pre-employment medical assessments when certain work is to be performed. Despite the general renunciation by numerous governmental and international bodies, including professional associations, of a purely economically based risk avoidance, the pre-employment medical assessment is still commonly used by many, including some of these international bodies. Individual authors,68 textbooks,9-'l professional organisations,"2 and governmental or international bodies,"-'7 do present well formulated advice or guidelines for medical assessments, but only briefly refer to the generally accepted principles already mentioned.
They do not generally take into account, or do so only in passing, the limitations of the tests and the methods to be used. In particular, the actual or possible preventive effect of certain pre-employment medical policies is not taken into consideration. Yet, a discussion on limitations of medical testing is important, because a lack of precision or absence of predictive value may leave too much room for personal interpretations, if not intentional or unintentional, discrimination.
Recently the Dutch "Koninklijke Nederlandse Maatschappij ter bevordering van de Geneeskunst" (Royal Dutch Medical Association) has published a code of practice for pre-employment medical assessment.'8 The impetus for this protocol included a Dutch Bill on pre-employment medical assessments, and research carried out in The Netherlands. 19 20 This code of practice also only contains generally formulated goals and deals with procedural aspects. Briefly, it states that the pre-employment medical assessment should aim at judging the balance between the ability of a certain candidate to sustain a work load and the presumed work load of the job in question. Conditionally, the pre-employment medical assessment must be performed: (a) before work is started; (b) on the one remaining candidate; (c) by an independent sufficiently trained physician; (d) if, and only if, there are job demands which can be translated into medical terms of reference; (e) if the contents of the medical assessment (questions, physical examination, laboratory tests, etc) are relevant to the stated aim; and (f) while respecting physical and psychological integrity of the candidate's privacy. Also, the code of practice deals with important other procedural aspects, such as those about exchange of information, the reporting of results, the access to documents, the possibility of a re-examination,and the procedure for dealing with complaints.
Preventive effectiveness of a pre-employment medical assessment The preventive effectiveness of a pre-employment medical assessment can only be estimated with the validity characteristics of the tests to be used, and with the epidemiology of the risk factors of the effects of concern. Thus, the preventive effectiveness is expressed as the effort-the number of actions-needed to prevent one adverse event-for example, one case of occupational disease or one case of long term disablement.
VALIDITY CHARACTERISTICS OF THE TESTS USED; POSITIVE PREDICTIVE VALUE Validity and reliability (reproducibility) of tests vary enormously. Hardly any of the tests for showing a particular risk factor are entirely valid. People are missed who do carry the risk factor, whereas others are wrongly designated as risk carriers. Mostly use is made of the test attributes sensitivity and specificity to ascertain the validity of a given test. In combination with the actual prevalence of a risk factor in a given population the test standards give an indication of the certainty that the risk factor identified is actually present in a given person; this is the prognostic or positive predictive value (PPV). The PPV is thus the proportion of those people with a positive test result who actually carry the risk factor. It should be noted that the description of PPV used in the scientific literature is unfortunate as what is meant here is not an attempted prognosis of a possible subsequent appearance of a work related ailment, but only the correct prediction of the presence of a risk factor.
A general equation can be derived from which the PPV can be calculated for a positive test result-that is, a result which predicts the presence of a risk factor (Kleinbaum et al, 198221 By rejecting applicants after a medical assessment on the grounds of a certain risk factor, it would be expected that the number of cases of occupational disease will be reduced. In theory, such a selection should reduce the incidence of work related disorders by up to the proportion that can be attributed to the risk factor in question. For the sake of simplicity, it is assumed that no competing or interacting risk factors exist for the work related disorder and that maximum effect will be attained when all candidates carrying the risk factor are identified. An equation can be derived in which the proportion of the work related disorder attributable to the risk factor, or population attributable risk (PAR), can be calculated.21
where: p = prevalence of the risk factor; RR = relative risk.
In equation 2 only the prevalence of the risk factor, p, and the relative risk, RR, are included as variables. The incidence, I, of the work related disorder is not included because PAR concerns a proportion of I. If, for example, a risk factor appears in 1% of the population, and the accompanying RR amounts to 5, then about 3-8% of the instances of disease can be attributed to the risk factor.
Example 1 (continued)
When atopic people run a threefold greater risk of developing allergies to laboratory animals than people who are considered normal, selection on the basis of being atopic (population prevalence around 5%) can reduce the number of new cases of work related animal allergies by 9-1% at the most. When the sensitivity of the test is 90%, the actual reduction will be 10% lower-that is, around 8 2%. PREVENTIVE 
EFFECTIENESS
The contribution that selection through preemployment medical assessment makes to the prevention of occupational disease is determined by the interplay of the aspects mentioned. One aim of selection through such a process can be a reduction in the incidence of work related disease. In part, this aim may be achieved by rejecting those with specific risk factors found at the selection process. In assessing the contribution of selection at the pre-employment medical assessment, it can be useful to measure the results of such a process.
In particular, the (health) benefits of selection must be weighed against the input of effort and costs. This is possible in various ways. For example, it can be calculated how many medical assessments need to be performed to reduce the number of new cases of a specific occupational disease by one. How many candidates need to be rejected to reduce the number of new cases of a certain work related ailment by one can also be calculated. The appendix shows a derivation of the equations used in these calculations. With formula (8') from the appendix, the necessary number of medical assessments to reduce the number of new cases by one, K, amounts to: 1 aKPAR-I (8') and the necessary number of rejections, Krejectedl amounts to:
Kr,jCWd = -(1 PPV.PARI (9) Where a = sensitivity of the applied test; PAR = population attributable risk; I = (cumulative) incidence of the disease or adverse career outcome; p = prevalence of the risk factor; PPV = positive predictive value. The equations can be calculated quickly and easily.
Example 1 (continued)
The Therefore, the use of a questionnaire asking for absence due to back pain for at least four weeks in the past is considered.
To apply equations 8' and 9', some critical values have to be estimated. In a first estimation, values close to reality will be used. Also, more or less extreme estimations will be presented to stimulate the discussion.
Firstly, sensitivity of the question on sickness absence in the past is expected to be low, 0 70, as some applicants will deny problems. Being a rather straightforward question, a high specificity of 0-95 is presumed. In this mostly young population the prevalence of an absence for four weeks or more due to back pain in the past has been reported to be 3%. People with such absence in the past may show a relative risk for three for future periods of sickness absence of four weeks or more. Preventive effectiveness of pre-employment medical assessments is not restricted to preventing work related diseases but can be generalised to other goals. Subsequently, the results of the calculated preventive effectiveness can be applied to estimate the extent of the anticipated avoidance of economic risk. However, it is necessary to keep in mind the substantial social influences on outcomes such as sickness absence. Moreover, the preemployment medical itself is likely to only make a small (if any) contribution to safe working practices, hazard control, and indeed, sickness absence during the course of employment.
Example 3
Assume that 5% of the population of candidates run a twofold risk of health related sick leave or some other health related adverse career outcome-such as premature retirement for health reasons-which would occur in 5% of the working population. Given these assumptions, the risk carrying candidates account for about 4-8% additional sick leaves or premature retirements for health reasons. Assume also that sensitivity and specificity are both 90% with the available methods of identifying the risk carriers. Then 467 candidates must be examined, of which about 65 (14%, including about 44 nonrisk carriers) must be rejected to prevent one person from experiencing the adverse outcome of concern. The justification of adopting such a selection policy could be that it is considered more profitable to examine 467 candidates and to reject 65 (including 44 non-risk carriers) than to accept one person who will experience an adverse outcome, presupposing that the adverse outcome could not have been prevented otherwise.
Decision making The previous section should offer a rationale for the use of a test in a pre-employment medical assessment but also for use of all the preemployment medical assessments as a means of personnel selection. Thus it is crucial to develop assessments of job specific preemployment medicals. Job demands should dictate the contents of the medical assessment. In our view, this automatically leads to the setting of conditions on the contents of a preemployment medical assessment.
Firstly, the medical assessment should consist of no more questions and tests than are needed. This implies that the preventive effectiveness of the questions or tests must be known or be estimated from available knowledge. If the preventive effectiveness is considered to be too low, then the question or test should not be incorporated for selection purposes-for example, questions involving the "general impression" of the physician in decision making, a medical test that cannot be reproduced, should be avoided. Moreover, the general impression of the physician involved is unlikely to be an appropriate selection criterion for any job. Fourthly, it is unlikely that experience and knowledge of the individual occupational physician will not play a part in performing pre-employment medical assessments and thus in the outcome. This unavoidable "expert judgment", notwithstanding its subjective nature, can be considered justified in situations where general guidelines are not applicable or simply not available because of the uniqueness of the situation. If such a situation occurs, the preventive effectiveness cannot be calculated or estimated. The use of expert judgment, therefore, remains a decisive tool in assessing medical fitness for a job. The application of expert judgment should be based on professional guidelines wherever possible and should be made clear. An unequivocal registration of the results of the medical assessment is required for evaluation. Therefore, the arguments for the decision must be made explicit.
Fifthly, unexpected or coincidental findings must be treated properly. That is, serendipitous discoveries should not be denied and must be treated carefully. However, finding such cases cannot justify the use of preemployment medical assessments to select personnel although, in individual cases, rejection of the candidate involved might just be the actual outcome of the procedure.
Conclusion
The pre-employment medical assessment aims at reducing adverse health related career outcomes and job related safety risks by identifying risk carriers and taking subsequent appropriate measures. From a different point of view, it may sometimes be used for lowering absenteeism, long term disablement, or financial risks to the health insurance company or the pension fund.
We suggest that a balanced policy in occupational medicine should be pursued and that the concept of preventive effectiveness may be helpful in attaining evidence based occupational medicine, which starts at the preemployment medical assessment.
Appendix: Derivation of equations for the number of medical assessments and rejections needed to reduce the number of adverse career outcomes by one Suppose, a company needs Z new employees for a particular type of job within a given time span. Without selection, it can be expected that ultimately a proportion I of the employees will contract a certain occupational disease-that is, the cumulative incidence of this disorder is I. From equation 2 , it follows that, in this situation, in the group of Z employees there are:
Nfactor= PAR-I-Z
employees who will get this disorder and for whom the disorder can be attributed to the fact that these employees have a certain risk factor. With the risk factor as a selection criterion, the number of cases of this particular occupational disease should decline. If a is the test sensitivity, then by means of the pre-employment medical policy there are: Navoided= a-PAR-I-Z
less new cases of the work related disease. As this risk factor is used as a selection criterion at the medical assessment, several candidates will be rejected from the selection process. If Z new workers are ultimately required to be taken into service, then more than Z candidates must be screened, namely Z' candidates. Z' can be determined as follows.
The expected proportion with a positive test result, and therefore the expected proportion to be rejected by the medical assessment, Frej,,ted amounts to (equation candidates must be subjected to a pre-employment medical assessment to eventually appoint Z new employees. The number of medical assessments to avoid one case, K (equations 4 We thank Jos Verbeek and Willeke van der Weide for their assistance in preparing the manuscript, in particular, for the information needed to elaborate examples.
